By combining theorems of Drinfeld and Strauch, we show that the monodromy representation on the special fibre of a Drinfeld modular variety, with level not divisible by the characteristic, is surjective. We illustrate this result in the special case of Drinfeld Fq[t]modules in level t, and apply this to show that the Kronecker factors of a Drinfeld modular polynomial in rank r are irreducible.
Statement of the main result
Throughout this paper we fix a global function field F of characteristic p > 0 with exact field of constants the finite field F q of cardinality q. We fix a place ∞ of F , and let A denote the ring of elements of F which are regular away from ∞. This is a Dedekind domain with finite class group Cl(A) and unit group A × = F × q . Let I ⊂ A denote a proper non-zero ideal and n I the order of I in the ideal class group Cl(A) of A. Let g I ∈ A be a generator of I nI ; it is unique up to multiplication by F × q . Hence A[1/I] := A[1/g I ] is independent of the choice of g I . We also write Cl I (A) for the I-class group of A, i.e., the group of fractional ideals of A of support prime to I modulo its subgroup of principal fractional ideals that possess a generator which is congruent to 1 modulo I. One has a short exact sequence 0 − → (A/I) × Let now p ⊂ A denote a maximal ideal that is prime to I. We write κ p for its residue field, A p for the completion of A at p, and let κ p be an algebraic closure of κ p . For each ideal class c in Cl I (A), denote by η c = Spec k ηc the generic point of the corresponding component, and let η c = Spec κ ηc be a geometric point above κ ηc . Observe that κ ηc contains κ p . Let φ r ηc denote the pullback of φ r I,p to η c . By [Dri74, Prop. 5 .5], it is a Drinfeld A-module of characteristic p and height 1, i.e., φ r ηc is ordinary. This means that for any n ≥ 1 the group of p n -torsion points φ r ηc [p n ](κ ηc ) is a free A/p n -module of rank r − 1. Let g p be a generator of the principal ideal p np , so that φ r ηc [p nnp ](κ ηc ) is the set of roots of φ r ηc,g n p (X). We define the p-adic Tate module of φ ηc as
where multiplication by g p defines the transition map in the inverse system. The limit is independent of the choice of g p . By ordinariness of φ ηc it is free of rank r − 1 over A p .
Observe that φ r ηc,g n 
Our main result is the following: 
? This appears to be a natural analog of the results [DP12] of Devic and Pink on adelic openness for Drinfeld modules in special characteristic. They consider the Galois action of a Drinfeld A-module φ of rank r and characteristic p = 0 over a finitely generated field. If End κx (φ x ) = A, their results imply that the associated adelic Galois representation of G x away from p and ∞ has open image in SL r ( v =p A v ). They also give a complete answer with no condition on End κ x (φ x ). This leads to. 
We end this introduction with a quick survey of the content of the individual sections. Section 2 recalls the relevant work of Drinfeld on formal O-modules and O-divisible groups from [Dri74] . Section 3 recalls the main theorem of Strauch, so that in Section 4 we can combine the two and deduce the proof of Theorem 1.2. Section 5 illustrates the main result in the special case of A = F q [t] and level t, where the moduli scheme can be described explicitly. In section 6 we shall answer in Proposition 6.2 a question raised in [BR16] related to the reduction of modular polynomials of M r p in the case A = F q [t]. We shall prove that certain special polynomials which are the natural building blocks of the mod p reduction of modular polynomials are irreducible as asked in [BR16, Question 4.5].
Formal O-modules, O-divisible groups and deformations of Drinfeld modules
Let K be a non-archimedean local field with ring of integers O and finite residue field k. The normalized valuation on K is v K , its uniformizer ̟ K and the cardinality of k will be q K . Let K be the completion of the maximal unramified extension of K and writeȎ for its ring of integers. The residue fieldk ofȎ is an algebraic closure of k. Denote by CNLȎ the category of complete noetherian localȎ-algebras C with residue fieldk, and with morphisms beingȎalgebra homomorphisms f : ] of power series in the monomials x q i , i ≥ 0, with coefficients in C. It can be shown that φ extends uniquely to a continuous ring homomorphism φ :
This uses that elements in p map to topologically nilpotent elements in C under γ. This defines the structure of a formal A p -module φ p = (Φ, φ) on Φ. Moreover the height of the formal A p -module φ p (mod m C ) agrees with the height of the Drinfeld A-module φ (mod m C ).
Letk be an O-algebra via reduction, i.e., via the canonical maps O − →Ȏ − →k. Let X be a formal O-module overk of finite height h > 0. A deformation of X to C ∈ CNLȎ is a formal O-module X C over C whose reduction modulo m C is equal to X. Two deformations X C and Definition 2.4. The universal formal group over R X is denoted by X X .
To recall the notion of O-divisible module (again of dimension 1), we need some preparations. We fix a ring B in CNLȎ. Following [Tag93] , for R any ring, we define an R-module scheme over B to be a pair (G, φ), where G is a commutative group scheme over B and φ :
If G is finite flat over B, then one can define theétale and connected parts Gé t , G loc of G, and one has a short exact sequence 0
Because any endomorphism of G preserves G loc , if G carries an R-action, then the short exact sequence is one of R-module schemes. For the following, we assume that K has positive characteristic. Then the field k is canonically a subring of O. Given an O-divisible module F = (F n ) n≥1 , the connected andétale parts F loc = (F loc n ) n≥1 and Fé t = (Fé t n ) n≥1 form O-divisible modules as well and one has a degree-wise short exact sequence of O-divisible modules 0 − → F loc − → F − → Fé t − → 0. If Fé t = 0, we call F local.
Concerning Fé t note that sincek is algebraically closed, one has an isomorphism of O-module schemes between 
The resulting O-divisible local group is denoted by F X .
Proposition 2.6. The constructions X → F X and F → X F define mutual inverses between the set of local divisible O-modules F of rank h and the set of formal O-modules X = (Φ, [·] X ) such that x (mod m B ) has height h. From here on, we let O := A p with p a closed point of Spec A as in the introduction. We let φ 0 : A − →k{τ } be a Drinfeld-module of rank r whose characteristic is given by A − → A p = O − → O − →k, for our chosenȎ. Let I ⊂ A be a proper non-zero ideal with I + p = A. Choosing a level I-structure for φ 0 , which can be done overk, defines a point of M d I,p (k) which we denote by x. Then x defines a Drinfeld A-module φ x that is isomorphic to φ 0 (overk) together with a level I-structure. A deformation of φ 0 is a Drinfeld A-module φ : A − → C{τ }, in standard form, up to isomorphism. By Hensel's Lemma, the level I-structure on φ 0 extends uniquely to a level I-structure of φ over C. Hence one can identify deformations of φ 0 with morphisms Spec C − → M r I that when composed with Speck − → Spec C yield x. The following is Drinfeld's analog of the Serre-Tate theorem for Drinfeld A-modules. 
] with the property that for all i = 0, . . . , h one has 
Over M r,ord I,p the Tate-module
is free over O of rank r − 1, and we have continuous homomorphisms. We have thus proved the following result. 
An example
For the remainder of this article we specialize to the case A = F q [t] and level I = tA. We also
1 t ], we let p ∈ A be a non-zero prime (monic irreducible polynomial) and suppose p = t (otherwise, just replace t by t + 1), and we write |p| = q deg(p) . Let κ p = A/p with algebraic closureκ p . As a preparation for Section 6, in the present section we will work out an explicit example of the main result.
We start by recalling Pink's explicit description of M r t [PS14, Pin13] , see also [Bre16, Theorem 2] for more details: Let V be an which has geometrically irreducible fibres. Furthermore, for any fixed v 1 ∈ V ′ , the universal Drinfeld module φ = φ r η on M r t,B is determined by
The base change of the moduli scheme M r t,B to κ p is M r t,p = Spec RS V,0 ⊗ B κ p [X] , with universal Drinfeld module the reduction of φ modulo p, which we denote φ. We have
is a separable F q -linear polynomial of degree |p| n(r−1) . The outer terms in the local-étale decomposition
Denote by κ η the fraction field of RS V,0 ⊗ B κ p , which is the function field of M r t,p over κ p , and by κ η (φ[p n ]é t ) the splitting field of φé t p n (X) over κ η . Now Theorem 1.2 says the following: For every positive integer n, we have
(4)
An application
In this last section, we consider a variant of the above example and answer a question posed in [BR16] .
Suppose g 1 , g 2 , . . . , g r−1 are algebraically independent over F q (t) and set L = F q (t, g 1 , . . . , g r−1 ), a rational function field of transcendence degree r over F q .
We define the Drinfeld module ψ :
It is shown in [Bre16, Thm. 6] that, for every non-zero proper ideal n ⊂ A,
Our goal is to prove a similar result in special characteristic. Denote by L t = L(ψ[t]) the splitting field of ψ t (X) over L, and set
the subalgebra of L t generated over B by v and
It is a graded ring if we set deg(v) = 1 for all 0 = v ∈ ψ[t]. We have ψ t (X) ∈ RS t [X]. Fix a non-zero t-torsion point 0 = v 1 ∈ ψ[t], and consider the isomorphic Drinfeld module φ = v −1 1 ψv 1 over L t . We denote by L t,0 = L(φ[t]) ⊂ L t the splitting field of φ t (X) over L, and set
. This is the degree zero component of RS t .
Then the completion ℓ t,0 of ℓ t,0 at ξ contains the ring of formal power series
This ring, in turn, contains
c r − s r s r i since s r ∈ κ × p and q r − 1 is not divisible by the characteristic p. This implies that ψ and φ are isomorphic over ℓ t,0 . Also, ℓ t,0 contains ℓ t and ℓ t,0 (φ[p n ]é t ) = ℓ t,0 (ψ[p n ]é t ). Since Gal ℓ(ψ[p n ]é t )/ℓ is isomorphic to a subgroup of GL r−1 (A/p n ), it must be isomorphic to the whole group. This completes the proof of Theorem 6.1.
Finally, we address [BR16, Question 4.5]. For this, we must first recall the construction of Drinfeld modular polynomials from [BR16] . Denote by C the subring of A[g 1 , . . . , g r−1 ] ⊂ L generated by monomials of the form ag e1 1 · · · g er−1 r−1 satisfying a ∈ A and r−1 k=1 e k (q k −1) ≡ 0 mod q r −1. Then the elements of C are the isomorphism invariants of rank r Drinfeld A-modules, i.e. Spec C is the coarse moduli scheme of Drinfeld modules of rank r and no level structure, see We answer [BR16, Question 4.5] in the affirmative, as follows.
